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ABSTRACT cDNA mtcroarny tcchDolosy us^ <o profile 
complex diseases and discover novel disease-related genes. In 
inflammatory disease such as rheumatoid arthritis, expression 
patterns of diverse cell types contribute to the pathology. We 
have monitored gene expression in this disease sute with a 
microamy of selected human genes of probable significance in 
inflammation as well as with genes expressed in peripheral 
human blood cells. Messenger RNA fnm cultured macrophage, 
chondrocyte cell lines, primary chondrocytes, and synoviocytes 
provided expression profiles for the selected cytokines, chemo- 
kines, DNA binding proteins, and matrtx-degrsding metal* 
loproteinases. Comparisons between tissue samples of rheuma- 
toid arthritis and inflammatory bowel disease verifjed the in* 
volvement of many genes and revealed novel participation of the 
cytokine interleukin 3, chemokine Groa and the metal* 
loproteinase matrix metallo-elastase in both disease. From the 
peripheral blood librvy, tissue inhibitor of metalloprotcinase 1, 
ferritin light chain, and manganese superoxide dismutase gene 
were identified as expressed differentially in rheumatoid arthri* 
tis compared with inflammatory bowel disease. Tbese results 
successfully demonstrate the use of the cDNA microarrvy system 
as a general approach for dissecting human diseases. 



The recently described cDNA microarray or DNA<hip tech- 
nology allows expression monitoring of hundreds and thou- 
sands of genes simultaneously and provides a format for 
identifying genes as well as changes in their activiiy (1, 2). 
Using this technology, two-color fluorescence paiiems of 
differential gene expression in the root versus the shoot tissue 
of Arabidopsis were obtained in a specific array of 48 genes (1 ). 
In another study using a 1000 gene array from a human 
peripheral blood library, novel genes expressed by T cells were 
identified upon heat shock and protein kinase C aaivaiion (3). 

The technology uses cDNA sequences or cDNA insens of a 
library for PGR amplification that are arrayed on a glass slide with 
high speed robotics at a density of 1000 cDNA sequences per an*. 
These microarrays serve as gene targets for hybridization to 
cDN A probes prepared from RNA samples of cells or tissues. A 
two<olor fluorescence labeling technique is used in the prepa- 
ration of the cDNA probes such thai a simultaneous hybridization 
but separate detection of signals provides the comparative anal- 
ysis and the relative abundance of specific genes expressed ( 1. 2). 
Microarrays can be constructed from spedfic cDNA dones of 
interest, a cDNA L^jrary. or a selea number of open reading 
frames from a genome sequencing database to allow a large-scale 
functional analysis of expressed sequences. 
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Because of the wide spearum of genes and endogenous 
mediators involved, the microarray technology is well suited 
for analyzing chronic diseases. In rheumatoid anhriiis (RA), 
inflammation of the joint is caused by the gene products of 
many different cell types present in the svnovium and canilagc 
tissues plus those infiltrating from the circulating blood. The 
autoimmune and inflammatory nature of the disease is a 
cumulative result of genetic susceptibility factors and multiple 
responses* paracrine and autocrine in nature, from macro- 
phages, T cells, plasma cells, neutrophils, synovial fibroblasts, 
chondrocytes, etc. Growth factors, inflammatory cytokines 
(4), and the chemokines (5) are the important mediators of this 
inflammatory process. The ensuing destruction of the canilage 
and bone by the invading synovial tissue includes the actions 
of prostaglandins and leukotrienes (6). and the matrix degrad- 
ing mctalloproteinases (MMPs). The MMPs are an imponant 
class of Zn-dcpcndeni metallo-endoproteinases that can col- 
lectively degrade the proteoglycan and collagen components of 
the connective tissue matrix (7). 

This paper presents a study in which the involvement of 
select classes of molecules in RA was examined. Also inves- 
tigated were 1000 human genes randomly selected from a 
peripheral human blood cell library. Their differentia] and 
quantitative expression analysis in cells of the joint tissue, in 
diseased RA tissue and in inflammatory bowel disease (IBD) 
tissues was conducted to demonstrate the utility of the mi- 
croarray method to analyze complex diseases by their panern 
of gene expression. Such a survey provides insight not only into 
the underlying cause of the pathology, but also provides the 
opponuniiy lo selectively target genes for disease intervention 
by appropriate drug development and gene therapies. 

METHODS 

Microarray Design, Development, and Preparation. TWo ajy 

proachcs for the fabrication of cDNA microarrays were used in 
this study. In the first approach, known human genes of probable 
significance in RA were identified. Regions of the dones, pref- 
erably 1 kb in length, were seleaed by their proximity to the 3' end 
of the cDNA and for areas of least identity to related and 
repetitive sequences. Primcis were synthesized to amplify the 
targci regions by standard PCR protocols (3). Products were 
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verified by gel elearophoresis and purified with Oiapuick 96-well 
purification kit (Oiagen. Chaisworth. CA). lyophilizcd (Savant), 
and resuspended in 5 m1 of 3x standard saline citrate (SSC) buffer 
for arraying. In the second approach, the microarray containing 
the 1QS6 human genes from the peripheral blood lymphocyte 
library was prepared as described (3). 

Tissue Specimens. Rheumatoid synovial tissue was obtained 
from patients with late stage classic RA undergoing remedial 
synovectomy or anhroplasty of the knee. Synovial tissue was 
separated from any associated connective tissue or fat. One 
gram of each synovial specimen was subjected to RNA extrac- 
tion within 40 min of surgical excision, or explants were 
cultured in serum-free medium to examine any changes under 
in vitro conditions. For IBD. specimens of macroscopically 
inflamed lower intestinal mucosa were obtained from patients 
with Crohn disease undergoing remedial surgery. The hyper- 
trophied mucosal tissue was separated from underlying con- 
neaive tissue and extracted for RNA. 

Cultured Cells. The Mono Mac*6 (MM6) monocytic cells 
(8) were grown in RPMI medium. Human chondrosarcoma 
SW1353 cells, primary human chondrocytes, and synoviocytes 
(9, 10) were cultured in DM£M; all culture media were 
supplemented with 10% fetal bovine serum, 100 ^/ml strep- 
tomycin, and 500 units/ml penicillin. Treatment of cells with 
lipopolysaccharide (LPS) endotoxin at 30 ng/ml, phorbol 
12-myristatc 13-acetaie (PMA) at 50 ng/ml, tumor necrosis 
factor a (TNF-a) at 50 ng/ml, interleukin (IL)-13 at 30 ng/ml, 
or transforming growth faaor-P (TGF-^) at 100 ng/ml is 
described in the figure legends. 
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Flijoresccnt Probe, Hybridiatioii, and Scanning. Isolation of 
mRNA. probe preparation and quantitation with Ambidopus 
control mRNAs was essentially as described (3) except for the 
following minor modification. Following the reverse transcriptase 
step, the appropriate Cy3- and CVS-labelcd samples were pooled: 
mRNA degraded by heating the sample to €S*C for 10 min with 
the addition of 5 ^ of OiM NaOH plus OJ ml of 10 mM EDTA 
The pooled cDNA was purified from unincorporated nucleotides 
by gel filtration in Ccntri-spin columns (Princeton Separations, 
Adelphia. NJ). Samples were tyophilized and dissolved in 6 ^1 of 
hybridization buffer (5x SSC* plus 0.29r SDS). Hv-bridiiations. 
washes, scanning, quantitation procedures, and pseudocolor rep- 
resentations of fluorescent images have been described (3). Scans 
for the two fluorescent probes were normalized either to the 
fluorescence intensity of Ambidopsis mRNAs spiked into the 
labeling reactions (see Figs. 2-4) or to the signal intensity of 
^-actin and glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH: see Fig. 5). 

RESULTS 

Ninety*Six«Gcnc Microamy Design. The aaions of cytokines, 
growth faaors, chemokines, ttanscription factors, MMPs, pros- 
taglandins, and leukothenes are well recognized in inflammatory 
disease, particularly RA ( 1 1-14). Fig. 1 displays the scieaed genes 
for this study and also includes control cDNAs of housekeeping 
genes such as /3-artin and GAPDH and genes Uom Ambidopsis 
for signal normalization and quantitation (row A. columns 1-12). 

Defming Micnamy Assay CondUions. Different lengths and 
concentrations of target DNA were tested by arraying PCR- 
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Fig. 1. Ninciy-$u-clemcni microairay design. The target element name and the corresponding gene are shown in the layout. Some genes have 
more than one target clemem to guarantee specificity of signal. For TNF the urgeu represent decrcasine lengths of 1, 0.8, 0.6, 0.4. and kb from 
left to right. 
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amplified products ranging from 02 to 12 kb at concentraiiom 
of 1 or less. No significant difference in the signal levels ^as 
observed within this range of target size and only with OJ-kb 
length was a signal reduced upon an 8-fold dilution of the 1 Mg/^J 
sample (data not shown). In this study the average length of the 
targets was 1 kb. with a few exceptions in the range of ^300 bp. 
arrayed at a concentration of 1 Mg/^l- Normally one PGR pro- 
vided sufficient material to fabricate up to 1000 microarray targets. 

In considering positional effects in the development of the 
targets for the microanays. seleaion was biased toward the 3' 
proximal regions, because the signal was reduced if the target 
fragment was biased toward the 5' end (data not shown). This 
result was anticipated since the hybridizing probe is prepared by 
reverse transcription with ohgo(dT)-primed mRNA and is richer 
in 3' proximal sequences. Cross-hybridizations of probes to 
targets of a gene family were analyzed with the matrix metal- 

A. 

imiitflucetl I 'J 
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loproteinases as the example because they can show regions of 
sequence identities of greater than 7D9c. With collaeenase*! 
(CoH) and collagcnasc-2 (CoI-2) genes as targets with up to 70^ 
sequence identity, and stromelysin-1 (Strom- 1 ) and siromeK-sin-Z 
(Strom-2) genes with different degrees of ideniir>. our results 
showed that a short region of overlap. c\-cn with 70-90^r se- 
quence idemit)-, produced a lou- level of cross-hybhdization. 
However, shoner regions of idcntiiN- spread over the length of the 
target resulted in cross-hybhdization (data not shovw-n). For 
closely related genes, targets were designed by avoiding long 
stretches of homology. For members of a ccnc famih- two or more 
target regions were included to discriminate between specificity 
of signal versus cross-hybridization. 

Monitoring Differential Expression in Cultured Cell Lines. In 
RA tissue, the monocyte/macrophage population plavs a prom- 
inent role in phagocytic and iinmunomodulator>' activities. Typ- 
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Fig. 2. Time course for LPS/PMA-induced MM6 cells. Array elements arc described in Fig. 1. {A ) Pseudocolor representations of fluorescent 
scans correspond to gene expression levels at each lime point. The array is made up of % Anbtdopsu control targets and 86 human cDNA targets, 
the majority of which are genes with known or suspeaed invoWement in inflammation. The color bars provide a comparative calibration scale 
between arrays and arc derived from the Ambidopsis mRNA samples that arc introduced in equal amounts during probe preparation. Fluorescent 
probes were made by labeling mRNA from untreated MM6 cells or LPS and PMA treated cells. mRNA was isolated at indicated times after 
indunion. (B I-IIf) The two-color samples were cohybridized. and microarray scans provided the data for the levels of select transcripu at different 
time points relative to abundance at time zero. The analysis was performed using normalized data collected from 6*bit images. 
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ically these cells, when triggered by an inununogen. produce the 
proinflammatroy cytolcines TNF and E,-l. We have used the 
monocyte cell line MM6 and monitored changes in gene expres- 
sion upon aciivaiion with LPS endotoxin, a component of Gram- 
negative baaerial membranes, and PMA, which augments the 
anion of LPS on TNF production (15). RNA was isolated at 
different times after induction and used for cDNA probe prep- 
aration. From this time course it was dear that TNF expression 
was induced v^riihin 15 min of treatment, reached maximum levels 
in 1 hr, remained high until 4 hr and subsequently declined (Fig. 
2A). Many other cytokine genes were also transiently aawaied, 
such as IL-la and -p, IL-6. and granulocyte colonv-siimulating 
faaor (GCSF), Prominent chcmokmes activated were IL-8. mac- 
rophage inflammatory protein (MlP^lft more so than MlP-la, 
and Groa or melanoma growth stimulatory faaor. Migration 
inhibitory factor (MIF) expressed in the uninduced state declined 
in LPS-activaied cells. Of the immediate early genes, the notice- 
able ones were c-fos^fm-L c-jun. NF-KBp50, and UB, with c-nl 
expression observed even in the uninduced state (Fig. 2B). These 
expression patterns are consistent with reponed patterns of 
aaivation of certain LPS- and PMA-induccd genes (12). Dem- 
onstrated here is the unique ability of this system to allow parallel 
visualization of a large number of gene activities over a period of 
time. 

SW1353 cells is a line derived from malignant tumors of the 
cartilage and behaves much like the chondrocytes upon stim- 
ulation with TNF and IL-l in the expression of MMPs (9). In 
addition to confirming our earlier observations with Northern 
blots on Strom-1, Col-l, and Col-3 expression (9), gelaiinase 
(Gel) A. putative metalloproteinasc (PUMP).l membrane- 
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type matrix meiailoproteinase, tissue inhibitors of matrix 
mctalloproieinascs or tissue inhibitor of metalloproteinasc 1 
(TIMM ), and -3 were also expressed bv these cells tocether 
with the human matrix meiallo-elasiase (HME: Fig. 14 ) HME 
mduaion was estimated to be -5Wold and was greater than 
any of the other MMPs examined (Fig. 3B). This result was 
unexpected because HME is reportedly expressed onN b\ 
aWeolar macrophage and placental cells (16), Expression of 
the cytokines and chcmokmes, IL-6. IL-8. MIF. and MIP-ip 
was also noted. A variety of other genes, includinfi certain 
transcription factors, were also up-reguiaied (Fig. but the 
overall time-dependent expression of genes in the SW1353 
cells was qualitatively distinct from the MM6 cells. 

Quantitation of differential gene expression (Figs. IB and 
35) was achieved with the simultaneous hvbridizaiion of 
Cy3.labeled cDNA from untreated cells and Cv5-labeled 
cDNA from treated samples. The estimated in^eascs in 
expression from these microarrays for a select number of genes 
including IL-13, IL-S, MIP-ip, TNF. HME, Col-l, Co|.3. 
Strom-1, and Strom-2 were compared with data collected from 
dot blot analysis. Results (not shown) were in close agreement 
and confirmed our earlier observations on the use of the 
microarray method for the quantitation of jene expression (3) 
Expression ProHles in Primary Chondrocytes and Synovio- 
cytes of Honutt RA Tissue. Given the sensitivity and the 
spccifiaty of this method, expression profiles of primary 
synoviocytes and chondrocytes from diseased tissue were 
examined. Without prior exposure to inducing agents, low level 
exprasion of c-/un. GCSF, IL.3, TNF-p. MIF. and RAKTES 
(regulated upon activation, normal T cell expressed and se- 
creted) was seen as well as expression of MMPs, GelA, 
Sirom-l, Col-l. and the three TIMPs. In this case, Col-2 
hybndizaiion was considered to be nonspecific because the 
second Col.2 target taken from the 3' end of the gene gave no 
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Fic. 3. Time course for IL-13 and TNF-induced SW1353 cclli 
using the infUmmation array (Fig. 1). {A) Pseudocolor represeniation 
^ !"7^?*,?I.^?* correspond to gene expression levels at each time 
poini. (S /-/JO Relative levels of seleaed genesat different time points 
compared with umc zero. 



Fig. 4. Expression profiles for eariy passage pnmary syncwiocytes and 
chondrocytes isolated from RA tissue, cultured in the presence of 10% 
fetal calf serum and activated with PMA and IL-ia or TNF and IUft 
orTGF.3 for 18 hr. The color bars provide a comparative calibration scale 
between arrays and are demrcd from the Ambidopsa mRN A samples that 
•re introduced in equal amounts dunng probe preparation 
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signal Trcatmeni more so with PMA and IL-l, than TNF and 
lL-1, produced a dramatic up-regulation in expression of 
several genes in both of these primary cell types. These genes 
are as follows: the cytokine IL-6. the chemokines IL-8 and 
Gro-la, and the MMPs; Strom-1, CoH, CoI-3, and HME: and 
the adhesion molecule, vascular cell adhesion molecule 1 
(VCAM-l), The surprise again is HME expression in these 
primary cells, for reasons discussed above. From these results, 
the expression profiles of synoviocytes and the chondrocytes 
appear very similar the differences are more quantitative than 
qualitaiivc. Trcatmeni of the primary chondrocytes with the 
anabolic growth faaor TGF-g had an interesting profile in that 
it produced a remarkable down-regulation of genes expressed 
in both the untreated and induced state (Fig. 4). 

Given the demonstrated effeaiveness of this technology, a 
comparative analysis of two different inflammatory disease 
states was conduaed with probes made from RA tissue and 
IBD samples. RA samples were from late stage rheumatoid 
synovia] tissue, and IBD specimens were obtained from in- 
flamed lower intestinal mucosa of patients with Crohn disease. 
With both the 96-elemeni known gene microarray and the 
1000-gene microarray of cDNAs seleaed from a peripheral 
human blood cell library (3). distinct differences in gene 
expression patterns were evident On the 96-gene array, RA 
tissue samples from different affcaed individuals gave similar 
profiles (data not shown) as did different samples from the 
same individual (Fig. 5). These patterns were notably similar 
to those observed with primary synoviocytes and chondrocytes 
(Fig. 4). Included in the list of prominently up-regulated genes 
arc IL-6, the MMPs Strom-1, Col-1, GelA. HME, and in 
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FiC. 5. Expression profiles of RA tissue (A) and IBD tissue (B). 
mRNA from RA tissue samples obtained from the same individual was 
isolated directly after excision (RA 2UA) or maintained in culture 
without serum for 2 hr (RA 21 JB) or for 6 hr (RA 21-5C). Profiles 
from tissue samples of two other individuals (data not shown) were 
remarkably similar to the ones shown here. IBD-A and IBD-O are 
from mRNA samples prepared direnly after surgery from two sepa- 
rate individuals. For the IBtMHI probe, the tissue sample was cultured 
m medium without serum for 2 hr before mRNA preparation. 



anain samples PUMP. TIMPs. panicularly TIMP.l and 
TlMF-3. and the adhesion molecule VCAM. Discernible lex-cU 
of macrophage chemoiaciic protein 1 (MCP-1). MIF and 
RANTES were also noted. IBD samples were in comparison, 
rather subdued although IL-1 convening enrvmc (ICE), 
TlMP-l. and MIF were notable in all the three different IBD 
samples examined here. In IBD-A. one of three individual 
samples. ICE, VCAM. Groa. and MMP expression was more 
pronounced than in the others. 

We also made use of a peripheral blood cDNA library (3) 
to Identify genes expressed by Kmphocvics infiltrating the 
inflamed tissues from the circulating blood. With the 1046- 
clement array of randomly selected cDNAs from this librar>. 
probes made from R A and IBD samples showed hybridizations 
to a large number of genes. Of these, many were common 
between the two disease tissues while others were differentially 
expressed (data not shown). A complete survey of these genes 
was beyond the scope of this study, but for this report wc 
picked three genes that were up-regulated in the RA tissue 
relative to IBD. These cDNAs were sequenced and identified 
by comparison to the GcnBank database. They arc TIMP-1, 
fw ^cITJL'" ^^^^^ manganese superoxide dismutasc 

(MnSOD). Differential expression of MnSOD was only ob- 
served m samples of RA tissue explanu maintained in growth 
medium without serum for anywhere between 2 to 16 hr. These 
results also indicate that the expression profile of genes can be 
altered when cxplants are transferred to culture conditions. 

DISCUSSION 

Tht speed, case, and feasibility of simultaneously monitoring 
differential expression of hundreds of genes with the cDNA 
microarray based system (1-3) is demonstrated here in the 
analysis of a complex disease such as RA. Many different cell 
types in the RA tissue; macrophages, lymphocytes, plasma cells, 
neutrophils, synoviocytes, chondrocytes, etc are known to con- 
tribute to the development of the disease with the expression of 
gene products known to be proinflammatory. They indude the 
cytokines, chemokines, growth faaors. MMPs, eicosanoids, and 
others (7, 11-14). and the design of the 96-elcment known gene 
microarray was based on this knowledge and depended on the 
availability of the genes. The technology was validated by con- 
firming earlier observations on the expression of TNF by the 
monocyte cell line MM6, and of Col-1 and CoI-3 expression in the 
chondrosarcoma cells and articular chondrocytes (9, 12), In our 
lime-depcndcni survey the chronological order of gene activitts 
in and between gene families was compared and the results have 
provided unprecedented profiles of the cytokines (TNF, U^l, 
IL-6. GCSF. and MIF). chemokines (MlP-la. MIP-10. IL^ and 
GrcKl ). certain transcription factors, and the matrix metal- 
loprotcinascs (GelA, Sirom-l. Col-1. CoIO. HME) in the mac- 
rophage cell line MM6 and in the SW1353 chondrosarcoma cells. 

Earlier repons of cytokine production in the diseased state had 
established a model in which TNF is a major participant in RA. 
Its expression reportedly preceded that of the other cytokines and 
effector molecules (4). Our results strongly suppon these results 
as demonstrated in the time course of the MM6 cells where TNF 
induaion preceded that of IL-la and IL-^ followed by IL-6 and 
GCSF. These expression profiles demonstrate the utility of the 
microarrays in determining the hierarachy of signaling events. 

In the SW1353 chondrosarcoma cells, all the known MMPs and 
TIMPs were examined simultaneously. HME expression was 
discovered, which previously had been observed in only the 
stromal cells and alveolar macrophages of smoker's lungs and in 
placental tissue, lis presence in cells of the RA tissue is mean- 
ingful because its' aaiviiy can cause significant destruction of 
ciastin and basement membrane components (16, 17). Expression 
profiles of synovial fibroblasts and anicular chondrocytes were 
remarkably similar and not too different from the SW1353 cells, 
indicating that the fibroblast and the chondrocyte can play equally 
aggressive roles in joint erosion. Prominent genes expressed were 
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the MMPs. but chemokines and cytokines were also produced by 
these cells. The cffea of the anabolic growth faaor TGF-p was 
profoundly evident in demonsiraiing the down regulation of these 
catabolic activities. 

RA tissue samples undeniably refleaed profiles similar to 
the cell types examined. Anivc genes observed were lL-3. IL-6, 
ICE, the MMPs including HME and TlMPs, chemokines IL-«, 
Groa, MIP, MIF, and RANTES, and the adhesion molecule 
VCAM. Of the growth factors, fibroblast growth faaor was 
observed most frequently. In comparison, the expression 
patterns in the other inflammatory state (i.e., IBD) were not 
as marked as in the RA samples, at least as obtained from the 
tissue samples selected for this study. 

As an alternative approach, the 1046 cDNA microarray of 
randomly selected genes from a lymphocyte library was used to 
identify genes expressed in RA tissue (3). Many genes on this 
array hybridized with probes made from both RA and IBD tissue 
samples. The results are not surprising because inflammatory 
tissue is abundantly supplied with cell types infiltrating from the 
circulating blood, made apparent also by the high levels of 
chemokinc expression in RA tissue. Because of the magnitude of 
the effort required to identtfy all the hybridized genes, we have for 
this repon chosen to describe only three differentially expressed 
genes mainly to verify this method of analysis. 

Of the large number of genes observed here, a fair number 
were already known as active panidpanis in inflammatory dis- 
ease. These are TNF, IL-1, IL-S, IL-8, GCSF, RANTES, and 
VCAM. The novel panidpanis not previously reponed are 
HME, IL-3, ICE and Groa. With our discovery of HME 
expression in RA, this gene becomes a target for drug interven- 
tion. ICE is a cysteine protease well known for its IL-lfi process- 
mg aaivity (18), and recognized for its role in apoptoiic cell death 
(19). Its expression in RA tissue is intriguing. IL-3 is recognized 
for its growth-promoting activity in hematopoietic cell lineages, is 
a produa of acthrated T cells (20), and its expression in synovio- 
cytes and chondrocytes of R A tissue is a novel observation. 

Like IL^8. Groa, is a C-X-C subgroup chemokme and is a 
potent neutrophil and basophil chemoattractanL It down- 
regulates the expression of types I and HI interstitial coUagens 
(21. 22) and is seen here produced by the MM6 cells, in primary 
synoviocytes, and in RA tissue. With the presence of RANTES 
MCP. and MIP.13, the C-C chemokines (23) migrauon and 
mfiliration of monocytes, particularly T cells, into the tissue is 
also enhanced (5) and aid in the trafficking and recruitment of 
leukocytes into the RA tissue. Their aaivation, phagocytosis, 
degranulation, and respiratory bursts could be responsible for 
the mduction of MnSOD in RA. MnSOD is also induced by 
TNF and IL-1 and serves a protective function against oxida- 
tive damage. The induction of the ferritin light chain encoding 
gene m this tissue may be for reasons similar to those for 
MnSOD. Ferritin is the major intracellular iron storage protein 
and it is responsive to intracellular oxidative stress and reactive 
oxygen intermediates generated during inflammation (24, 25) 
The active expression of TIMP-l in RA tissue, as detected by 
the 1000-element array, is no surprise because our results have 
repeatedly shown TIMP-l to be expressed in the constitutive 
and induced states of RA cells and tissues. 

The suitability of the cDNA microarray technology for 
profiling diseases and for identifying disease related genes is 
well documented here. This technology could provide new 
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laigeu for drug development and disease therapies, and in 
doing so allow for improved treatment of chronic diseases that 
are challenging because of their complexit>. 
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